Mitogen-activated protein (MAP) kinase phosphorylation of MAP kinase kinase: determination of phosphorylation sites by mass spectrometry and site-directed mutagenesis.
Mitogen-activated protein kinase kinase (MKK) phosphorylates and activates mitogen-activated protein kinase (MAPK) in response to stimulation of various eukaryotic signaling pathways. Conversely, a recent report showed that MAPK phosphorylates MKK in vitro [Matsuda, S., Gotoh, Y., and Nishida, E. (1993) J. Biol. Chem. 268, 3277-3281]. To gain insight into the function of this feedback phosphorylation, we identified the major sites targeted for phosphorylation by MAPK and examined whether such a modification plays a role in regulating the basal and stimulated MKK activities. Two phosphopeptides generated by tryptic digestion of MAPK-phosphorylated MKK were identified by electrospray ionization mass spectrometry. Cyanogen bromide cleavage also yielded two phosphopeptides whose sequence overlapped with the tryptic phosphopeptides. Both sets of phosphopeptides contained candidate MAPK target sites at Thr292 and Thr386 that fit the consensus sequence ProXThr*Pro. Replacement of either Thr292 or Thr386 with alanine by site-directed mutagenesis reduced the phosphate incorporation respectively to 32 or 75% that of wild type MKK. Replacement of both threonine residues with alanine reduced phosphate incorporation to 2.5% that of wild type enzyme. Comparison of MAPK-phosphorylated vs. unphosphorylated MKK showed no significant differences in basal or Raf-1-stimulated MKK activity. We conclude that the phosphorylation of MKK at Thr292 and Thr386 does not interfere with catalysis in vitro.